. These ratios are forecasted to change much less than their unscaled counterparts, and also exhibit periods when the population is effectively growing younger.
Population ageing differs from the ageing of an individual. People who survive grow older with each year they live. Populations, on the other hand, can grow younger. Because a wide variety of matters such as the cost of medical care [6] [7] [8] , retirement 9 , bequests 10 , consumption 11 and the accumulation of human 12 and tangible 13, 14 capital depend not only on age but also on time left to live, our understanding of population ageing must also reflect both of these factors. Because conventionally measured old-age dependency ratios (the ratio of the number of people at the retirement age and above divided by the number of people in the working ages) have caused worry about the sustainability of pensions 15 , it is important to recognize that these ratios, rescaled for life expectancy increases, are forecasted to change comparatively little over the century, suggesting caution in our assessment of long-term pension problems.
Figure 1a-c and Supplementary Table 1 provide information about the unstandardized median age of the population, the standardized median age of the population, using the country's (Germany, Japan, United States) life table in 2000 for standardization, and the remaining life expectancy at the unstandardized median age. All figures pertain to both sexes combined and are calculated using period life tables. There are two types of data: the values through to 2000 are observed, whereas those for future years are based on 1,000 stochastic forecasts.
The median age is the age that divides a population into two numerically equal groups, with half of the people being younger than this age and half older. Life expectancy at the median age is the expected number of years to be lived by a person at the median age. It is also the median remaining life expectancy in the population, with half of the people being at ages with lower remaining life expectancies and half at ages with higher ones. Life expectancy at the median age is especially easy to use as an indicator of ageing because it is comparable both across countries and over time.
Medical care expenditures provide an example where calculating the median remaining life expectancy in a population is useful. Health care costs rise rapidly in the last years of a person's life. The change in the median remaining life expectancy between years is equal to the change in the median time to the onset of that phase of rapidly rising costs.
For many of the decades both the median age and the life expectancy at the median age increase. For the three countries, mortality rates at young ages are now quite low and most of the rise in life expectancies at birth derives from life expectancy increases at the older ages. If the median age of the population remained fixed, remaining life expectancy at the median age would surely increase. However, the essence of population ageing is the increase in median ages. If median ages increase slowly, remaining life expectancies at the median age will increase. On the other hand, median ages can increase so rapidly relative to improvements in mortality rates that remaining life expectancies fall.
An example of a rapid increase in median age outrunning survival rate increases can be seen for Japan between 2000 and 2040 (Fig. 1b) . Here, the median age is expected to rise from 41.3 yr to 55.0 yr while the life expectancy at the median age falls from 41.1 yr to 35.0 yr. In the remaining 60 yr of the century, Japan provides an example of where slower increases in the median age are associated with gains in life expectancy at the median age. One broad conclusion from Fig. 1a -c for all three countries is that even in the presence of significant ageing, as measured by increases in the median age, life expectancies at the median age are likely to change only moderately.
Median ages in a country change because of prior changes in fertility, mortality and migration rates. In Japan, the median age is rising rapidly because of a combination of relatively low fertility, high life expectancy and little migration. The United States stands at the opposite end of the spectrum. Its slow increase in median age is a result of relatively high fertility, somewhat lower life expectancy and substantial migration. Germany has demographic rates between those of Japan and the United States.
One disadvantage of using life expectancy at the median age as a measure of ageing is that it is not directly comparable to the median age itself. For comparability it is useful to have another median age, one based on the expected number of years a person has left to live. This is the standardized median age.
The life expectancy standardized population is the hypothetical population that arises when the age of each individual in a specific year is changed to the age of the person in 2000 who had the same remaining life expectancy. For example, if a 40-yr-old person in 2050 had a remaining life expectancy of 50 yr, and a 30 yr old had the same remaining life expectancy (50 yr) in 2000, then the 40-yr-old person would be assigned an age of 30 in the life expectancy standardized population. By definition, when the standardization is done using the country's own life table, the median age and the standardized median age of the population are the same in 2000.
Median ages in the three countries generally increase over time; however, standardized median ages show a different pattern of change. In the United States, the standardized median values of the forecasted distributions fall continuously from 2000 onwards, whereas in Germany and Japan, they first increase at the beginning of the century and then decrease. A decreasing standardized median age is far from a certainty in the United States. The 95% prediction intervals for all years from 2010 to 2100 include the value of the standardized median age in 2000 (see Supplementary Table 1) . We also show in Supplementary Table 1 that an increase in the standardized median age in first decades of the century seems almost certain in Germany and Japan.
Although we are confident that ageing will occur throughout the century in all three countries as measured by the unstandardized median age, we are also sure that much less ageing or even some increase in youthfulness will be observed using the concept of the standardized median age. When considered from different perspectives, populations in some periods will be growing simultaneously younger and older.
In Fig. 1d , we plot the median ages for the three countries standardized using the 2000 Japanese life table. When the standardization is done with a single country's life table, standardized median ages are comparable across countries. We use Japan as the standard because it had the highest life expectancy among all the countries of the world in 2000. At the beginning of this century, the differences in standardized median ages across the countries were relatively small. The difference between the highest standardized median age (43.2 in Germany) and the lowest (38.8 in the USA) was 4.4 yr. At midcentury the gap in the median forecasts widens significantly to 10.9 yr, with Japan having the highest value and the USA continuing to have the lowest. In 2050, Japan's population will be considerably older than that of the USA both in terms of the unstandardized and standardized median ages. Figure 2a -c provides a second perspective on ageing using the concept of proportional life cycle rescaling 5 . Proportional life cycle rescaling is a heuristic not a predictive concept. It provides one simple way of thinking about a complex future in which the lengths of life cycle phases will be influenced by social policies and demographic constraints not modelled here. We use proportional life cycle For all three countries the conventional old-age dependency ratio increases markedly over the century. In Germany, it rises from 0.261 in 2000 to a median forecasted value of 0.797 in 2100. In Japan, the increase is larger, going from 0.276 in 2000 to 1.118 in 2100. In the United States, the increase is smaller than in Germany, but the conventional measure still triples over the century.
The rescaled values show a different pattern. The rescaled old-age dependency ratios rise initially in all three countries and then fall. The rise is quite likely, with the 95% prediction interval in 2040 lying entirely above the ratio in 2000 for all three countries (see Supplementary Table 2 ). After the middle of the century, changes in the ratio are unclear because the magnitudes of the declines are small relative to the uncertainty involved. For all three countries, the rescaled old-age dependency ratios show considerably less change than the conventional ones.
The new measures presented here are not meant to supplant existing measures, but to supplement them. A perspective that incorporates the new measures presented here is crucial if we are to understand and react appropriately to the challenges of population ageing.
METHODS
The probabilistic forecasts make use of our previously published methodology 16, 17 specialized to the individual countries. In our previous work, we used a mean total fertility rate (TFR) of 2.0 for North America in 2082. Here we use a mean TFR of 1.85 for the United States in that year. This is slightly lower than the one assumed by the United Nations. A lower TFR increases the standardized median age of the population because it results in a smaller number of young people. In our earlier work, we assumed a mean TFR of 1.6 in the region comprised of Japan, Australia and New Zealand in 2082, which is dominated by the population of Japan. We used the same TFR for Japan at that date. We also assumed a mean TFR of 1.7 for Western Europe in 2082. Here we assume a mean TFR of 1.6 for Germany in 2082, because its fertility has been below the average for Western Europe for the last three decades. We assume that distributions around the means are normal with a 90% chance of observing an outcome within half a child of the mean.
Our mortality assumptions are also very similar to those made for the corresponding regions in our earlier work. Life expectancy increases were assumed to have a mean value of 2 yr per decade with a 90% chance of an outcome within 1 yr of the mean. This is consistent with observations over the past four decades 18 and other recently published work 19 . Our migration assumptions were made using the same procedure as in our earlier work, except that they were based on observations for the specific countries. Figure 2d shows the evolution of the rescaled conventional age at retirement in Japan. The paths for Germany and the USA are almost identical. By construction, this age is 65 in 2000. Using our life expectancy forecasts and the proportionality hypothesis, the median forecasted conventional age rises to 73 by 2050 and continues to climb for the remainder of the century. These rescaled conventional ages are used in the production of Fig. 2 .
Forecasted data in Figs 1 and 2 are the median values of the forecast distributions based on 1,000 simulations. The median values and their 95% prediction intervals are presented in Supplementary Tables 1 and 2 . In each year, we compute the median age of the population. These median ages depend on the age distribution of the population at the beginning of the forecast period and on the whole time paths of fertility, mortality and migration rates from the beginning of the forecast period to the year in question.
We calculate the distribution of remaining life expectancy at the median age in year t, for example, using the stochastic life table associated with that year. Thus, life expectancies at the median age in year t have uncertainty due to variability in median ages in year t and due to the randomness in the life tables for that particular year. The life table used in period t is closely associated with the time path of life tables before year t and therefore with the age structure and the median age of the population in that year. Standardized median ages are also subject to both sorts of uncertainty.
The uncertainty in the distributions of remaining life expectancy and the distributions of standardized ages are influenced by the correlations between the median age at time t and life expectancy at time t. The autocorrelation of life expectancies implies that a high life expectancy at time t is associated, on average, with a high median age in that year. High life expectancies and high median ages have opposing effects on the remaining life expectancy at the median age, reducing the uncertainty relative to what it would have been in the absence of those correlations.
The differences in sources of uncertainty can be seen in Supplementary Table  1 by comparing the size of the 95% prediction intervals for unstandardized and standardized median ages. For Germany in 2020, for example, the difference between the upper and lower bounds of the 95% prediction interval for the unstandardized median age is 1.8 yr. The comparable difference for the standardized median age (using either the German or Japanese standards) is 3.8 yr.
The observed median ages and the life expectancies at the median age move less regularly than the forecasted medians. The observed figures take baby booms and busts into account differently. The observed figures are from a single random path of realizations for each country. The forecasted medians essentially average across possible future paths and are therefore much smoother.
